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Swm

Theresultsofa seriesof
materielsandofsimpleriveted
Thematerialstestedwere24-S-T

fatiguetestsofalumhum-alloysheet
Jointsinthesematerialsarepresented.
Alclad,24S-Tbare,7X-T Alclad,

R303-T275clad,andR30s~275bare. ~ sheetswereoftheO.O&inch
gage.

“Unnotchedsheetspecimens,specimensnotchedby a drilledhole,
andspecimenswithscratchesweretestedindirect-stressfatigue.It
wasfoundthat:

(1)Barematerialsnotchedorunnotchedhadgreaterfatiguestrengths
atlonglifetimesthancorrespondingcladmateriels

(2)The756-TAlcladandtheR303-T275cladalthoughstronger
staticallythenthe242-TAlcladweregenerallysomewhat
weakerinlong-lifefatigue

(3)~tho~ sh~ow swatchesdidnotaffectthefatiguestrengths
ofthecladmaterielsscratchesdeeperthentheminimumdepth
ofcladdingweredetrimental

Severaltypesofrivetedjointinthesheetmaterialswerealso
testedindirect-stressfatigue.It appearedthat:

(1)Theloqylifefatiguestrengthsofsingle-rowlap~ointsofthe
differentmaterialswereinthesamerelativeorderasthe
notchfatiguestrengthsofthematerials

(2)Increasingthenumberofrowsofrivetsina lapjointdecreased
thefatiguestrengthinpoundsperrivet

(3)StiffemdlayJointsW buttjointshada considerablyhigher
ratiooflong-lifefatigueto staticstren@hthansimple
lapjoints

.
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Testsat
showedlittle

Testsof

375°F onnotchedandunnotchedsheetandonrivetedJoints
decreaseinfatiguestrengthfromroom-temperaturevslues.

cumulativedemageofthevarioustypesof
resultsinreasonableaccor~cewithestimatio=-based
lifetimeateachstresslevel.

INTRODUCTION

●

Thispaperisa summaryofan investigationofthe

specimengave
ontheendurance

fatigueproperties
ofsheetandrivetedJointsinaluminumalloys.Reportsofprevious
investigations(references 1 to ~)havegiventension-tensionfatigue
strengthsof2&-T Alcladsheetandofspot-weldedandrivetedlapjoints
inthatmaterial.Thepresentinvestigationwasplannedtoextendthese
fatiguestudiesinthefol.lowirespect:(1)theinclusionofother
hi h-strengthaluminumalloys,% 2 testsonadditionaltypesof Joints,
(3?swey testsoftheeffectsofelevatedtemperaturesonfatigue
propertiesofthesheetmaterielsendJointsconsidered,and(4)tests
offatiguedamage.

Theexperimentalequi~nt andtechniqueshavebeendescribedin
detailinprecedingreports(seepartfoularl.yreferences1 and2). In
thepresentwork,therangeofstressforsonwsheetmaterialswas
extendbdto includesomecompressivestreeses.In thesec~es, specimens
wererestrainedfrombucklingby theuseof “guideplates. (See
reference6.)

Thesectionsofthispaperaredevelopedinthefollowingorder:

(1)A descriptionisgivenofdirect-stressfatiguetestsofsheet
materiels- 24S-Tbare,24S-TAlclad,75S-TAlclad,R303-T275bare,
andRsOs-T275Cl&d - inthe0.040-inchgage.Thetestsincludedunnotched
specimens(bothtransverseandlongitudinal.),speclmenenotchedby drilled
holes,andspecimenswithsurfacescratches.

(2)ResultsforfatiguetestsofrivetedlapJointsandriveted
buttJointswithvariousstiffenersaregiven,aswell.astheresults
ofa fewtestsofmulti-arc-weldedbuttJoints.Alljointswereof
0.040-inchsheet.

(3)Fati@etestresultsarepresentedfm specimensofthesheet
materialsendfa rivetedJointsatelevatedtemperature(375°F).

(4)Theresultsofsometestsofcumulativefatiguedamageof sheet
materialsandofvariousJointsinthesematerielseresumnerized.

Ineachsection,theresultsoftestserepresentedwithrelatively
littlediscussion.IntheCONCUSSIONStestresultsarerecapitulatedand
discussedwithreferenceto ~esentknowledgeofthefatigueproperties
ofmaterisls.andJointsusedinaircraftconstruction.

A
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ThisinvestigationwasconductedattheBattelLeMemorialInstitute
underthesponsorshipandwiththefinancislassistanceoftheNationsl
AdvisoryComnitteeforAeronautics.

RISULTSOFDIZZZCT-STRXSSFATIGUETESTSOF

SHEETMATERIALS

Pertofthebasicinformationrequiredfortheapplicationof fatigue
datato thedesignofeircraftisa knowledgeoftherelativepmformance
ofmaterielsusedinaircrsftpartsunderrepeatedloads.In thissection,
fatiguedataaregivenforvariousmaterialsintheformofO.O@-inch
sheet.

UnnotchedSheetSpecimens

Table1 shuwestatic-tensile-strengthpropertiesofthesheet
materielsusedforthefatiguetests.Figurel(a)showstheunnotched
sheetspecimenused.Figures2 to 6 showtheresultsofdirect-stress
fatiguetestson syecimenscutandloadedinthedirectionofrollingof
thesheet;theresultssreplotteddirectlyfromtheexperimentaldata
inthefomnofconstantR (ratioofmininnnaloadtomaxtimload)
curves.Figures7 to g giveresults,InthefomnofS-kcurvee,of
direct-stressfatiguetestsofspecimensof cladsheetmaterialscut
andloadedtransversetothedirectionof rolling ofthesheet.

Someofthemoreoutstandingresultsayparentinf@ures”2to9 sre:

(1)At longlifetimes,thebarematerialshaveconsiderablyhigher
fatiguestrengthsthanthecladmaterials.Thedifferences
in 1012g-lifefatigue strengths ofbareand,ofcladmaterials
aregreaterthendifferencesinstaticstrengthsor differences
in short-lifetimefatiguestrengths.

(2)Althoughthestaticstrengthsofboth7X-T Alclact”andR303-T275clad
arehigherthenthestrengthof24S-TAlclad,thefatigue
strengthsaregenersllyslightlylower.Thismaybe partly
dueto theimportanceof thecladdingindeterminingthe
fatiguestrength.However,resultsforhereR303-T27’5shows
that,evenintheabsenceof cladding,thelattermaterial
isnotsostronginfatigueaswouldbe expectedfromcomparison
of itsstaticstrengthwiththatof24S-Tsheet.

(3)Fatiguestrembs of cladmaterielsappesrtobebutslightly
lowerinthetransversedirectionthaninthelongitudinal
Urectlon.
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SpecimeneNotchedby DrilledHoles .

*

Inasmuchassheetmaterialsusedinaircraftareusuallynotched
(bycutouts,joints,andchangeeinsection),thefatiguenotchsensitivities
of sheetmateriasareimportantindesignconsider~tions.Accordingly,
eachofthefivesheetmaterielsmentionedpreviouslywastestedinnotch
fatigue.Figurel(b)showsthespecimenused;thenotohwasa single
0.375-inchholedrilledinthecenterof a 1~-inch-widetestsection.AU

specimenswerecutandloadedinthedirectionofrolling.

Table2 showsstaticultimatestrengthsofthenotchedsheet
specimens.C_ison.with table1 indicatesa reductioninn~~

—

staticstrengthofabout10 to13 percentforthe24S-Tandabout
1 to3 percentfortheothermaterials.

Figures10 to14 showtheresultsof direct-stressfatiguetests
onthesenotchedspecimens.Comparisonoftheseresultswithresultsfor
unnotchedspecimensisindicatedintable3. Someofthemoreoutstanding
resultsapparentinthesefiguresandtable3 are:

--

(1)Thereductionin strengthdueto theholeie,forellmaterials,
moreseriousinfatiguethanin staticloading.Thefatigue-
strengthreductionisgreateratlonglifetimestha at
shortlifethes;fora givenlifetime,thereductionis
greatestfor.lowR values.Thereductioninfatigue
strengthapproaches(atlow R andlonglifetime)thatestimated
frcmthegeometricaletress-concentrationfactor,but,in
thesetests,neverreachesthismlue.

(2)Thereduction innominalfatiguestrengthduetothedrilled
holeisgreaterforbaresheets,ofR303-T275thanforbare
sheetsof24S-T.Thefatiguestrengthreduotionforclad
high-strengthalloyis,htiever,notsignificantlygreater
thanthatfor246-TAlclad.Apparently,athighstresses,the
claddingcanyieldsoastoreducethestressconcentration
producedby thehole.

EffectofSurfaceSoratches

Itwouldbe expectedthatsomescratchesbnAlcladsheetwouldhave
a damagingeffectonthefatiguestrengthofthesheet,andit is
importanttoknowwhatseverityof scratchwould~e causeforrejection.

AndrewsandStickley(reference7) investigatedtheeffectof
scratchesonO.O&-inch-thick246-TAlcladsheetandconcludedthat
scratcheswerenotdsmagingunlesstheyextendedthroughthecladding. —

.
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Ingeneral,theresultssumnerizedhereon24S-TAlcladconfirmtheir
obsemation.Datahavealsobeenobtainedon 75S-TAlcladand24S-T

i baresheet.In a numberof cases,-e wasobsemedwhenthescratch
didnotpenetratethenominaldepthof cladding.Itwasfound,however,
thatthecladdingwasnotuniforminthickness,and,inallcaseswhen
damagewasobserved,thescratchwasdeepenoughtobewithintherange
betweenthemininnunandmaximumdepthof aladding.Thus,inallcases,
a portionofthescratchmighthavepenetratedbelowthecladding.

Thetypeoftestpieceusedwasthesameas fortensilefatigue
testsofunnotchedsheet.(Seefig.l(c).) In allcases,a single
scratchwasmadeatthecenterofthetestsectionandperpendicularto
thedirectionofloading.At thelocationofthescratch,thetest
piecewas1 inchwide;eXlscratcheswere1/2inchlongandcentered
withinthel-inchsectionsothattheydidnotextendto theedgeof the
testpiece.

Inmakinga scratch,thetestpiecewascarefullylocatedona
movabletableactuatedby a screwsimilarto thecrossfeedona lathe.
Thescratchimtool,loadedt@ougha leverwitha definiteweight,was
‘thenloweredontothetestpiece,andthetablemuvedl/2inch.

No typesofscratchingtoolwereused- a steelneedleanda
sapphirephonographcuttingneedle.Bothtoolshada radiusofapproxi-
mately0.003inchandproducedscratcheswhichvsriedinradius
fromO.0027to 0.0033inoh.Thedepthofscratchproducedbyvaryingthe
forceonthetoolIsgivenintable4. Sametypicalmicrosectionsof

. scratchesareshownin figure15.

Twomethodsofmeasuringthescratchdepthwereused.Thefirst “
methodconsistedinfocusinga meteUographicmicroscopeonthesheetat8’
highmagnification,andthenmeasuringtheamountofadjusting-screw
movementnecessaqtobringthebottomofthescratchintofocus.By
thismethoditwaspossibleto exeminethescratchthroughoutitsentire
lengthandthusobservedepthvariations.Thesecondmethod,used
wheneverfeasible,wasto section
scratchdepthonthesection.In
verywell.

Theresultsof fatiguetests
summarizedintable5 endfigures
tableitwillbe notedthat:

(1)On theO.040-inchAlclad
fromO.0011to 0.002inchand,on
from0.0025to0.0034inch.

thepieceaftertestingandmeasurethe
mostcasesthetwomethodsagreed

on specimenswithscratchesare
16 to18. Fromthesefiguresandthis

materiel,thedepthof claddingvaries
the0.102-inchAlclad,thedepthvaries

a (2)AS long as the depthofthescratchissmallerthentheminimum
depthofcladting(0.0011inchfor0.040-inch-thicksheetand0.0025inch
on0.102-inch-thicksheet)no demageresults.

.

—
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(3)Whenthescratchisdeeperthentheminimumdepthofcladding,

theremeyormeynot
usuallyquitelarge,
containingscratches

RESULTSOF

be damage.‘However,whendamaged-&sresult,it-is
endthesafestprocedurewouldbe toresectallsheets t
dee~rthantheminimumcladdingdepth.

DIl?WT-STRZSSFATIGU12TESTSOFSIMPLEJOINTS

OF O.O@-INCHSHXETMATERIALS

Amongthemostimportentstress-raisersinaircraftconstructionare
varioustypesof joint.Riveted~ointsaremostccmmonlyusedinload-
bearhgparts;accordingly,am investigationwasmadeofthefatigue
behaviorofvsrioussheetmaterialsunderthestressconcentrations
existinginrivetedJoints.A studywa~alsomadeofstress-coatpatterns
onloadedrivetedJoints.Figures19 to22 arephotographsofstress-coat
patternson someoftherivetedJointstestedinfatigue.

Inparticular,figureQ showsa lapJointwitha singlerowofrivets.
Bendingatthelapisclearlyindicatedby theprominenceofcracksata
distancebelowtherivetsincontrastwiththerelativelycrack-free
lacquerimmediatelybelowtherivets.In contrast,figure20,a photograph
ofa buttJoint,showsmuohlessevidenceofbendingstresses.

Figure21 showstwosides&fa sheet-efficiencyspecimen,two
equallyloadedsheetsheldtogetherby a lineofrivets.(Seefig.23.)
Differencesinlinesofstressconcentrationarequitenoticeable.
Figure22 clerifiesthereasonforthisdifferenceby showing:the
stress-coatpatternsonsinglesheetsarounddrilledholes(fig.22(a)),
arounddrilledanddim@l.edholes(fig.22(b)),andaroundrivetheads
(fig.22(C)).App~ently,onthesideofthesheetonwhichrivets
areheadedover,thecombinationofthedimpleandtheheadedrivet
producesa stiffenl.ngaroundtheholeandeltersthestresspattern
frw thatarounda drilledholeorthataroundtherivetontheflush
side.

Single-RowFlush-RivetedLapJointsinVariousAlloys

Direct-stressfatiguetestshavebeenmadeof single-rowflush-
rivetedlapJointsof0.040-inchsheetsofthefollowingmateriels:
24s-TAlclad,24s-Tbare,75S-TAlclad,R303-T275alad,andR303-T275
bexe.Thespecimendesignisshowninfigure24(a).

Therivetingprocedureforthesespecimenswasas follows:

(1)Sheetsweredrilledwitha No.30drill.,andtheedgesof
holesdeburred.

.
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(2)Eachsheetof&givenJointwasdimpledseparatelywitha

$,
conventionaldimplingtool.

(3) A1.7sWrivets,AN426,typeAD% j weredrivenwiththeriveter.

It shouldbenoted.thatno specielprecautionswereusedforthehigh-
strengthalloys.

.

Figures25 and26 showcrosssectionsthroughrivetsineachof
thematerials.Itwasanticipatedthatthehigh-strengtheUoysmight
showinternalcracksproducedby dimpling.Suchcrackswerefoundonly
intheR303-T275baremateriel.(Seefig.26.)

Table6 givesstaticstrengthsfortherivetedlap-jointspecimens,
andfigures27 to30 showtheresultsoffatiguetests.Figure31 shows
typicalstaticandfatiguefailuresforlapjoints.Fromtable6 and
figures27 to 30,severalinterestingresultsmaybe noted:

(1)Jointsof24S-Tbaresheetaregenerallystrongerinfatigue
thanJointsof24S-TAhlad. Thisis inaccordancewith
theresultsfor‘thesheetmaterials.

(2)JointsofR303-T275hereandjointsofthesamealloyclad
haverougldythessmefatiguestrengths.However,it should
be rememberedthatcolddimplingapparentlyproducedinternal
cracksinthebaresheet,andthesemayhavecontributedtolow
fatiguestrength.

(3) Jointsof75S-TAlcladappearedweakerinfatiguethanJoints
of24S-2!Alcla& JointsofR303-T275cladwereaboutas strong
asthoseof24SI!,butnotsomuchstrongerasmighthave
beenexpectedonthebasisofthehigherstaticstrength
oftheR303-T275cladsheet.

Whiletheseresultsaretruefortheparticularspecimenstested,they
maynotbe representativeforJointsproducedwithotherriveting
techniques.

Single-RowFluah-RlvetedLapJointsMadewith

VariousFabricationTechniques

In orderto examinetheimportanceof detailsoffabricationonthe
fatiguestrengthof flush-rivetedjoints,specimensof24S-TAlcladand
of75S-TAlcladwerefabricatedindifferentlaboratoriesandtestedin
direct-stressfatigue.4

made.

Thesespecimenswere
ofO.O@-inchsheet.

ofthetypeshownin figure2k(a)andwereeH
Table7 showstheseveraldimplingprocedures
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usedandgivesthestaticstrengthsofthespecimengroups.Figures32
and33showtypicalcrosssectionsthroughrivets.

Theresultsof fatiguetestsareshown,graphically,infigures34
and35. Thesetestswerenotintendedtoexamineindetailtheeffects
ofdifferentfabricationprocedures,andtheresultsshouldnotbeviewed
withthisexpectation.Thetestsshouldallowanestimationofthe
magnitudesofvariationinfatiguestrengthsamonglotsofrivetedjoints
ofgenerallyacceptablestaticstrengths.Itappearsthat:

(1)Thereismorevariationinlong-lifefatiguestrengths
of jointsof75S-TAlcladthanforjointsof24S-TAlclad.

(2)Thelong-lifefatiguestrengthsvaryasmuch.ast20percent“
at1~000,000cycles,and-arenot in thesameorder
staticstrengths. *

Multi-RowFlush-RivetedLapJointsof245-TAlclad

andof75S-TAlclad

as the

Therehasbeenconsiderableevidencethatincreasingthenumber
ofrowsofspotweldsor ofrivetsinlapjointsof24S-TA2.cladsheet
doesnotproportionatelyincreasethefatiguestrength.A fewtestshave
beenmadeto investigatethissituationforflush-rivetedlapJointsof
0.040-inchsheetsof24-S-TAlcladandof75S-TAlcladsheetmaterials.

Figure24 showsthetestpiecesused.Table8 givesstaticstrengths
oftheJoints,andfigures36to 38showthefatiguetestresults,inthe
formofload-lifecurves,for~ointswithtworowsandjointswiththree
rowsofrivets.

Table9 swmarizestheresultsina formsuitableforoomparingthe
strengthsof jointswithdifferentnumbersofrowsofrivets.It appeSXS
thatincreasingthenumberofrowsofrivetsincreasesbothstatic
andfatiguestrengthofthejoint,butdecreasesthestrength“perrivet.
Thisdecreaseinstrength~r rivet>isparticularlynoticeableunder
conditionsoflowloadratioendlong-lifefatigue.

Inviewoftheimportanceoffabricationdetails,it isbelievedthat
thepresenttestsareinsufficientto afforddefinitedesignrulesasto
theeffectofrivetpatternuponfatiguestrength.Theresultsdo
confirmotherindications(notereferences5 end8)thatincreasingthe
numberofrowsoffastenersin a lapjointdoesnotafforda proportional
increasein.fatiguestrengthoftheJoint.

ButtJointsandStiffenedLayJointsof24S-TAlclad

Althoughsimplelapjointshavebeenwidelyusedinlaboratorytests
ofcomparativefatiguestrengths,such~ointsarenotactuadQusedin

—

m-.

.
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airframeconstruction.AirframeJointsofsheetmaterialnearlyalways
involvesamesortof stiffener(suchasawing sparorgirder).
Accordingly,a fewtestsweremadetoevaluatetheeffectofvarious
stiffenersuponthefatiguestrengthsofkivetedJointsof0.040-inch
24S-TAlcladsheets.

Figure39showssketchesofthevariousstiffenedlapJointsand
buttjointstested.Table10givesstaticstrengthvalues=d figures40
and41 show,intheformofload-lifecurves,theresultsofdirect-stress
fatiguetestsintensionat R = Oflko.

As indicatedintabls-lO,thesejointshad,withoneexception,
static-strengthvalueswithina narrowrange(4572to481olb). The
exceptionwasa buttJointwithdoublestrapplates.Possiblyadditional
frictiongavethisjointsomeof itsadditionalstrength(strength7060lb).

However,as showninfigures@ and41,thelong-lifefatigue
strengthsvariedmorewidely.At l,CW0,000cycles(andintensionat
R = 0.40)theunstiffenedlapjointswithstoodabout1250pounds,while
lapjointswithveryheavy(3-in.-long,0.2n-in.-thick)stiffeners
supportedabout2600pounds.At thissamelifetime,buttJointswiththe
singleheavy(0.2w-in.-thick)strapplatehada fatiguestrengthof

. nearly3000pounds;whilebuttJointswiththetwolighterstrapplates
hada fatiguestrengthofabout3500pounds.Thus,stiffeningriveted
joints,whilebutslightlyaffectingthestaticstrength,produceda
markedincreaseinlong-lifefatiguestrength.Thiseffectisprobably
dueto decreasing10CSJ.highstressesresultingfrombendingatthelap.

● It shouldbe notedthattheamountofsuchbendingvarieswiththe
lengthof specimen(allspecimensinthepresenttestshadenunsupported
lengthofabout12 in.)endwiththesxielityofloadingtheover-all

-.* specimen.Thepresentresultsholdonlyfortheparticulartestspecimens
andloadingconditionsemployed;however,theresultsshowthetiportance
oflocalbendingstressesinaffectingfatiguestrengthofriveted
Joints.Thedifferencesinfatiguestrengtharegreatenoughtowarrant
furtherinvestigationsof jointsmorecloselyapproachingtheconditions
inaircraftstructures.

A fewspecimensofmulti-arc-weldedjointsof24-S-TAlcladwere
furnishedthroughthecourtesyofMr.C.W. StewartoftheCurtiss-Wright
ResearchLaboratog.Panelsof sheetwereweldedendtestpiecescut
fromtheseas indicatedin figurek2. Halfofthetestpieceswere
givena solutionheattreatment(30minat925°F) andaged5 d~s
atroomtemperaturebeforetesting.Theremainingspecimenswerestress-
relieved(10hr at 370°F) beforetesting.

Figure43 showsthedirect-stressfatiguetestresultsforthe
multi-arc-weldedspecimens.* Reheattreatmentafterweltingapparently
decreasedscatterandslightlydecreasedthelong-timefatiguestrength.
Figure44showscrosssectionsofspcimensafter fatiguefailure.
Failurewasintheheat-affectedregionneara weldbead..
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TableD summarizestheresultsoffatiguetestsintensionat
R = 0.40 forseveraltypesof joint.Ratedintermsof increasing
fatiguestrengthsat1,000,000cyclesthejointsare: rfvetedlap~oint,
stiffenedrivetedlapjoint,rivetedbuttJointwithsinglestrapplate>
rivetedbuttjointwithdoublestrapplate,andmulti-arc-weldedbutt
joint.

Sheet-EfficiencyTestsofFlush-Riveted24-S-TAl-clad

In severalaircraftapplications,sheetmaterialsarerivetedtogether
undercircumstancesinwhichtherivetsneednotcarrylargedynanic
loadsfromonesheetto another,butinwhichweakeningofa sheetby the
rivetholesmaybe iqortantinreducingthestrengthofthesheet.

In orderto examinetheeffectofrivetsuponthefatiguestrength
ofthesheetmaterial,specimenslikethatshownin figure23weretested
in fatigue.Eachspecimenconsistedoftwosheetsof0.040-inch24S-T
Alcladheldtogetherwithsevenrivetsinthetestsection.Attempts
weremadetoloadtinel,sheetsequally.Theequalityofloadingwaschecked
by using“stress-coatlacquerandSR-4straingages,anditwasest-ted
thatsheetswereequallyloadedtowithin*1Opercent.

Figure45showstheresultsof tirect-stressfatiguetestson
suchSp13CiBM31W=A ccanparisonoftheresultsasgiveninta%le12 shows
a lossinultimatetensilestrengthofabout22percent,anda loss
infatiguestrengthofabout30 percent.ThisismorethanIsreasonably
attributabletounequal.loaddistributionemdmustbe partlyduetostress
concentrationsatrivetholes.

EFFECTOFELEVATED-ATTIRE ONTHEFJY!H~STRENGTHS

OFSHXETANDFLUSH-RIVETEDJOINTS

OF24S-TALCLADAND75S-TAL~

Withincreasinguseofheatforde-icing,itbecomesimportant
toknowwhetherelevatedtem~raturesmayseriouslyimpairthefatigue
strengthsofairframestructures.Thefollowingtestsweredesigned
to surveythispossibilityandtoobseneanymajoreffectsthatmight
occur.

Manyoftheelevated-temperaturefatiguetestsofaluminumalloys
reportedintheliteraturehaveinvolvedlong-timepreheatingto a
“stabilizedstate!’(see,forexample,reference9). Thepresenttests
were madeby holdingeachspecimenattemperaturefor1 hourbefore
fatiguetestingandtestingattemperature.The.eingleelevated

——

n,

.
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temperaturechosenwas375°F. Whilethistestisnotso severeaspossible,
itshouldshowup anyseriouslossoffatiguestrengthlikelytooccur

k becauseofrelativelyshort-timeheatingby de-icers.

Specimenswereheated,bothbeforeendduringfatiguetesting,in
a smellelectricfurnacebuiltforsuchtestsofsheetspecfmens.The
temperaturewascontrolledbymeu ofa Foiborocontrolleroperatedby
a thermocoupleinsidethefurnacenextto~hecenterof thetestpiece.
Temperatureswereheldconstantto*a”F andtemperaturegradientswere
verysmellnearthecenterofeachspecimen(wherefailureoccurred).

Table13showsstaticstrengthsat70°and375°F ofthevarims
specimens.All.specimenswereweakerthanatroomtemperature,theloss
instrengthrangingfrom5 to17 percentfpr24S-TAlcladspecimensend
from14 to27 percentforthe75S-TAlcladspecimens.

Figures46and47showfor24S-TAlcladand75S-TAlclad,respectivel-y~
theresultsofsomedirect-stressfatiguetestsofunnotchedsheetspecimens;
theextentofscatterisapparent,andtheresultsofroom-temperature
testson similarspecimensarein~catedinthesefigures.Table14gives
resultsofa fewfatiguetestsat375°F ofsheetspecimensnotchedby
drilJ.edholes.(Seefig.l(b).)

Withintheexperimentalscatter,thereappearstobe littleloss
infatiguestrengthduetotheincreasedtemperature.At thelonger
lifetimes,andespeciallyfor75S-TAlclad,thereisan indicationof
lowerfatiguestrengthatlifetimes-oftheorderof1,000,000cycles.
Itmaybe notedthatsucha lifetlmemeansa totalof12hoursat.
temperat~e.(The~c~ns usedinthesetestsran1500cpn.)

Table15listsresultsofseveralfatiguetestsat375°F ofriveted.4 Jointsof24-S-TAlcladsndof7&T Alcladsheetsof0.040-inchgage.
Comparisonoflifetimesobservedinthesetestswithlifetimes(taken
fromaveragingcurves)forroom-temperaturetestsshowsa generaltrend
forthejointstohaveshorterlivesat theelevatedtemperature.There
isconsiderablevariation,however,andthefewtestsdescribedare
insufficienttodeterminetheextentofweakening.As indicatedin
figure48forlapjointsof24-s-TAlclad,theaveragefatiguestrength
decreaseisnotsogreatasthedecreaseinstaticstrength.

Thegeneralresultof thesesurveytestsontheelevated-temperature
fatiguestrengthsof24S-TAlcladend75S-TAlclad,bothwithandwithout
notches,isthatno largedecreaseinfatiguestrengthwasfoundfor
short-timeheatingupto37’5°F. Thedecreaeeinfatiguestrengthwas
generallylessthanexperimentalerrorendwasdefinitelylessthanthe
decreaseinstaticultimatestrengthobsemedforthespecimenstested.
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RESUMEOFTESTSFORFATIGUEllAMAf3E

ServiceloadingofsheetmaterialsInaircraftisseldaalimlted
to cyclesofa Mnglerangeof alternatingstress.Therangeofel.ternating
stressusuallyvariesconsiderablyinmagnitudeduringflight,maneuvers,
lending,andtaxying.Thus,theeffectofa fewrepetitionsofhighstress
on thefatiguestrengthatlowstresslevelsbecmesofconsiderable
importance.(Seereference10.) Testsforsuchdamage,madeduringthe

r

u
—

courseofthisinvestigation,aredescribedinthis

EffectofRepeatedLoadingsonStatic

Table16 showsstatic-ultimate-strengthvalues

—
eecticxl.

Strength

forseveralspecimens
whichhadundergonemsmycyclesofrepeateddirectstress.Inmost
cases,thisnuniberofcycleswasverysmellcomparedwiththeestimated
lifetimeatthegivenload.As indicatedintable16,staticstrengths
weregenerallywithin*3 percentofthestrengthsofsimilsrspecimens
whichhadnotundergonerepeatedstressing;therewasevidenceneitherof
dsmagenorofstrengtheningsufficienttoaffeotthestatictensile
ultimate.

ResultsofFatigue-DsmegeTestsatTwoLoadLevels

Table17showstheresultsofseveraltestsinwhicheachspecimen
wasrunatoneloadlevelforsomefractionofitseadurancelifetimeat
thatlevelandthenwasrunto~failureatanotherload.Thedataare Y
arrsngedto illustratetheapplicationofa Yerysimpleassumptionof
fatiguedsmsge(seereferencesU. end12);namely,thateverycycleat
anyload~oducesdamageproportionaltotheratioofthenumberofcycles -b
runatthatloadtotheendurancelifetimeattheload.Thus,if n. and &
srethenumbersof
lifetimesare N1

cyclesrunattwoloadlevelsatwhich
end N2, respectively,failureshould

Theresultsintable17show,for
dsmageatfailureof99.7percent
ashighas134percentandaslow

theaverageof
endvaluesfor
asx percent.

aILtests,
individti

G

theendur&ce
occurwhen

(1)

a “calculated”
specimens

dueappreciationConclusionsfromsuchtestsshouldbe inter~etedwith
ofthescatterinherentinmostfatiguetestresults.Figure49 shows *..

.
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enestimatedscatterbandfora fewtestsofunnotchedspecimensof
24S-TAlcladata constantmesnstressof40,000psi,andfigurex
showssomeofthedsmsgetestswithreference to thisscatterbend.
Theendpointsforthetestsshowninfigure50liewithinthescatter
band.lWithintheerroroftheexperiments,therefore,thetestresults
genersllyconfomntothecalculationofdamagebaseduponequation(1).

ResultsofTestsforDsmageDuetoRepeated

StressingatSeveralLoadLevels

Severslreports(references12 to 14)containdiscussionofservice
stressesduetogustloadingof aircraftwings.Suchloadingsgenerslly
involvemenyrepetitionsoflowstressesendfewerrepetitionsofhigh
stresses.A fewrivetedjointshavebeentestedin fatigueunderthis
genersltypeofvsriationinmegnitudeofrepeatedstresses.

Inparticular,theloadingindicatedintable1 ofreference12was
ap~oximated.Eachtestconsistedinrunninga specimen,at a constant
meanload(21.2percentofitsstaticultimate),atvariousmsximumloads.
Thenumberofcyclesrunateachmaximumloadwasinproportionto the
frequencyof occurrence ofgustswhichmightproducesuchloading(under
theconditionsnotedinreference12). ~ thelaboratorytests,the
differentloadlevelswerenotappliedatrandmu,buttwolimiting
caseswerechosen.In onecase,highloadswereappliedfirstand
successivelylowerloadsinorder;intheothercase,thissequencewas
reversed.Specimenswhichdidnotfailduringthescheduleofrepeated
loadingsweretestedstaticalQto findpossibleevidenceofreduced
etaticstrength.

Tables18, 19, and20 givetheresultsofthesetests.Onthe
average,theestimateddamageat.failurewas102percent.Thevaluefor
specimen13 - 43 intable20 is omittedfhxnthisaveragesincefailure
inthiscasewasuncertain.Individualcasesvaryfrcm75

T
rcentto

la percent;however,thebasecurvesfortirginspecimensshownin
figs.51to 53)erehardlyadequateformoreaccurateanalysisthan
~30percent.Muchmoreextensiveinvestigationisneededforanslysis
ofthedetailsofdamage,endstrengthening,infatigue.(Seerefer-
ence3.) Ingeneral,however,theresultsdescribedhereandsimilsr
resultsfra investigations(reference11)indicate-that,foraluainum-
aUoy sheetspecimens,thecumulativedamagebehaviorimpliedinequation(1)
is a usefulapproximation.

1
Despiteadditionalerrorduetovaluesof N havingbeenbasedupon
a meancurveinthecenterofthescatterband. (Seefig.49.)
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CONCLUSIONS

N

v

Direct-stressfatiguetestsofO.OkO-inch-thickspecimensofseverel
aluminum-alloysheetmaterialsandofverious”rivetedjointsinthese
sheetmaterialshavebeenmade. Fromtheresultsofthesetests,the
followingconclusionswerereachedinregardto thefatiguepropertiesof
thesheetmaterials:

1.At longlifethes,thebarematerials,bothwithandwithouta
stress-raiser,hadconsiderablyhigherfatiguestrengthsthancorresponding
cladmaterials.

2.At shortlifetlmes,thedifferenceinfatiguestrengthsofbare
andcladmaterialwaaless. Inthepresenceofa stress-raisersuchas
a 3/8-inchhole,theshort-lifefatiguestrengthofthecladmaterial
mayactuallybehigherthanthatoftheb-e. Apparently,athigh
stresses,thecladdingcanyieldso astoreducethestressconcentration
producedbythehole,while,atlowstresses,theclal(h.ingreducesthe
fatiguestrength.

3. Althoughthestaticstrengthsof75S-TAlcladandR303-T275clad
werehigherthanthatof24-S-TAlclad,thelong-lifefatiguestrengths
weregenerallylower.Thismeyhavebeenpertlydueto theimportance
ofcladdingindeterminingfatiguestrength.However,resultsforbare
R303-T275showedthat,evenintheabsenceof cladding,thismaterial
wasnotsostronginfatigueasmighthavebeenexpectedinviewofits
staticstrength.

4.Shallowscratchesdidnotseemdetrimentalto thefatigue
strengthofAlcladsheetmateriels.Scratchesdeeperthantheminimum
depthofclsddingmy, however,causequitelergereductioninfatigue
strength.

5.Theclad~terid.s,bothwithandwlthouta stress-raiser,appeared
tohavealmostthesanefatiguestrengthat375°F as atroomtemperature.

6.Resultsofseveraltestsforfatiguedamageof24s-TAlcladand
of 75S-TAlcladwereccanpatiblewiththesimpleapproximationthat
-e dueto w.~ter~tq stressiSPropatiotito theratioofthe
numberofcyclesatsuohstresstotheendurancelifetimeatthatstress.

Inregardtothefatiguepropertiesofrivetedjointsitwasfound
that:

1.Single-rowrivetedlapJointsofthevsxioussheetmaterials
showedlong-lifefatiguestrengthsdecreasinginthefollowingorder:
24S-Tbare,24S-TAlclad,R303-T275clad,75S-TAlclad,andR303-T275bare.
TheR303-T275barespecimenshadinternalcracksproduoedduringdimpling.

:,

●

.
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2. (?.ompsrisonof specimensdimpledby differentoperatorsand
includingverious~ocessea- coindimpling,spindimpling,endhot

t dhqlling- showedfatiguestrengthsmryingasmuchas*IOpercent.
Thevariationinfatiguestrengthswasnotinthesameorderasthe
variationinstaticstrengths.

3. LapJointswithseveralrowsofrivetswerestrongerinfatigue
thanjointswith&inglerows,butthestrengthinpoundsperrivetdecreased
asthensmiberofrowsincreased..

4.ButtJointsandstiffenedlap Jointsweregenerallyconsiderably
strongerinfatiguethensimplelapJoints,slthoughtherewasrelatively
littledifferenceinstaticstrength.

5. Equallyloadedsheets,Joinedbyrivetswhichcsrriedlittle
sheerload,wereabout30percentweakerinfatiguestrengththanplain
sheets.Atleastpartofthisweskeningwasdueto stressconcentrations
aroundtherivets.

6. Rivetedjointshadnotmuchlowerfatiguestrengthsat375°F
thenatroomtemperature.

7. Cumulativedemageofrivetedjointsappesredtobe approximately
predictableintermsofthepercentofendurancelifetimesrunateachstress
level.

Alltestswerelimitedto O.OkO-inchsheetend,exceptfor24S-TAlcled,
. to a singlelotofeachmaterial.However,thereis sanereasontobelieve
-. theresultseregenersUytypicalforthematerielsconcernedoversome

rangeof sheetthicknesses.Itmightbe noted,however,thatonlyone
typeofnotchwasusedinthepresenttestsendthatsomewhatdifferent.
resultsmightbe obtainedby usinga notchgivingmuchhigherstress
concentrateion.

BattelleMemorielInstitute
Columbus,Ohio,Februery15,1946

●

✎
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TABLE3. - REDUCTIONSINFATIGUESTRENGTHDUETODRILLED
HOLESINVARIOUSSHEETMATERUM

[Testsection,1.500by 0.040in.; diameterofhole,0.375in.
Specimnscut@ directionofrolling.Theoretlcd.stress-
concentiationfactorforthespecimenisabout2.45.(See
reference8.!

Fatigue-strengthreductionratiofor

static- indicatedloadratiosendlifetimes

strength (2)

Materiel reduction
ratio

R = -0.50 R = 0.25

(1)
(compression](tension)(::SX?

104 lo~ 106104105106104105106

!24S~Alclad 1.13 1.8 2.1 1.91.41.71.81.21.5L 8

24S-Tbare 1.10 --- --- ------1.81.91.21.51.7

75S-TAlclad 1.03 1.7 1.9 ---1.81.81.91.21.81.6

R303-T275clad 1.03 --- --- ---1.71.91.91.11.71.3

R303-T275bare 1.01 --- --- ------2.22.21.42.02.()
.
‘Ultimatetensilestrengthofunnotchedsheetdivided%ynominal
(netsection)ul.tlmate-tensilestrengthof drilledshe&t.See
tables1 and2.
%exiruumstresssupportedbyunnot”chedsheetfora givenlifetime
at a givenloadratiodividedby nominal(netsection)m,ximum
stresssupportedby drilledspeci~nforS- lifetimeat seine
loadratio.Valuestakenfromcurvesinfigs.2 to6 and10 to14.

=s=
TABLE4. - DEPTHOFSCRATCHPRODUCEDBY V.OUS MEI!BODS

Material cuttingtool Forceon tool Depthofscratch
(lb) (in.)

AlcladsheetSteelorsapphire 1.22 0.0013* 0.0003
needle

AlcladsheetSteelneedle 5.22 .0039t .0002

AlcladsheetSteelneedle 9.02 .00532 .0005

BsQ’e245-T Steelorsapphire 1.22 .0014: .0001
needle

.
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TABLE6.- STATIC-TENSIONUZUMATEIQ-ADSFORSINGLE-ROW
RIVWI’EDLAPJOINTSOFVARIOUSSHIW!I’MATERIAIS

[&ch s~ecimmmadeof O.040-in.sheet,h+ in.wide,
containingeightrivets.(Seefig.24(a~andtext
forfurtherdetails.)]

Loadto staticfailure
(a)

Material Specimen
(lb) (lb/rivet)

2443-TAlclad 1.2-1o k630 579
4750 594

‘: k@5 578
40 4745 593
!50 4685 586
60

b:%
~;g

24S-Tbare 12A-9 4330 541
10 4075

%202 b$~

75S-TAlclad 13-9 5100 637
10 4850

b4975
b~~

R303W275Ckd 15-9 4775 597
10 48&

b4~8
607b@

R303-T275bare 15-9 5080 635
10 4@o

b4950 b~

aAllfailuresby rivetshear. ~
b
Average.



!mLE 7.- STATIC-’JIEWSIONULTTM4T!ELOADS FOR SINGLE-ROWKCVETED I&P JOlXR3
PF@ARED AT DHTERETW LARORATOK@3 USIITGWSICUS DIMPLING TICENIQUES

b h specimn made of O.OkO-in. sheet, $ in. tide

captainingeight AN4X5ADrivets. (Seefig. 2&(a).~

Load to etaiiiafailure

~terial Test Dimpling
(1)

Riveting
(lb) (lb/rivet)

?4SWAlclad u Conventionalted. (Bee h3%) At B. M. I. k672
(dom at B. M. l’.)

584

m Coin dimpUng tool At B. M. I. 46%? 608
(doneat liorth *ricen)

37 Cmventlonaltool (see text) At Cwtiaa-Wright 4700 580
(doneat Curtisa-Urlght)

34 spindimplingtool AtGlennL.Mrtin 3770 471
(doneat GlennL. Martin)

~+C Alclad 13 Conventicnal tool At B. M. I. 4975 e
(dom at B. M. I.)

lyi coin dimplingtcd At B. k!.1. 5307 653
(doneat Wrth krlcan)

38 Conventionaltgol At Curtim+iright
(doneat Curties+right)

5335 667

39 Hot dimpling on a.-c. spot At CurtiwWr@t S315 731
velder (Curtirjs-Hright)

L475S3 Alclad 37 Spin dimpling tool At Glenn L. Martin 4070 509
(doneat Glenn L. Martin)

‘All static failuresby rivet shear;~~tic-strength values are averages for two specimens of
each group.

E
z
o.

“

#

#
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TABLE8.-STATIC-IONULTIMATELOAIEFOR_TI-RW RIVETED
LAPJOINTSOF 24S-TALCIADMD 755~ ~

limber
Loadtostatiofailure

(a)Materiel of specimens
row (lb) (lb/rivet)

24S-TAlcla& 1 (b) C46?2 584

24S-TAlclad 2 3J--5 &&
31-6

C8400 525

24S-TAlclad 3 3!$-; 9120
gom
%100 379

75S~Alclad 1 (b) ‘4975 622

75s+Alclaa 2 36-9 10,000
36-+0 9,650

=9#925 @o

alllfailuresuereby rivetshear.
%ee table 6. w
cAmrage.

TABLE9.-COIW&USOHOFFATIGUESTRENG~OFLAP-JO~
SPECIMENSWITHD~ NIMSXRSOFRCMSOFRIVZI!S

-.
Mexinunnstrsngthvalues

MaterLal Test (1)
coation (lb) (lb/rivet)

1 row 2rcus 3 rows lrow 2 row 3 rows

24s9 Alcl.adstatic 4600 8400 9925 575 523 414
Intension,R = 0.25at:

104 oyclea 3700 %Oq 6000 463 3@ 250
105 cyclem moo 3000 3300 250 188 138
106c~clea 930 1700 2050 104 106 @
R = 0.40at:
104cycles - 7000 7300 500 438 304
lo~c~cles pm 3600 4200 313 225 175
106cycles 1300 20CXI 2400 163 125 100

75S~AlcladStatic 4975 9925 ---- 622 620 ---
Inte~~on,~ . o.~ at:

104cycles - 5000 ---- 506 313 ---
105cycles 1700 ---- 213 188 ---
106cycles 900 :E ---- lL3 94 ---

lThefatigue-strengthvaluesverereadfra the curvesshcuninfigs.27,28,36,37,and38.

=w=-
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TmE310.-STATIcSTmtwcmC@’RJXLTEZIL4PJO_liTTE
S=ENIRE ANDOFRIVETEDBUM?JO17fIS

@ ~o”ints4; in. tide. Eachhp jointhadonerow end

eaoh butt Joint.two rows of eight fiveta fJWWfi 3-/2 ~.

Ibatweancanters.

Spaoimentype

Simplelap joint(no
at1ffener)

Lapjointwith3-in.
Btiffenerof Q,2~-fn.
Se’ge(fig. 39(6))

LapJoint with 3-in.
etiffenerofO.%-in.
gage(fig.39(a))

Buttjointwithsingle
3-in.strapof
0.2w-in.Gage
(%.39(b))

ButtJointwithdouble
3-in.strapof
0.040-in.

Y(f%.39(b)-

%ee table6.

Spcinben

(a)

18-1
18-2

24-6
24-T

19-1
19-2

33-n
33-12

Loadtoatatiofailure

(lb) (lb/rivet)

568

601

W

758

‘Average.

TABmlJ..- ~ OFFATIm 2.TRWXUS2IH=SIOI!ATR - 0.40W VARIOUSTYQB OFJOIHT

~1 strengthsInlb/linearin.ofJoint]

...

—

.=

Fatigueetrengtheintenalonat.R . 0.40
TyP of ~olnt StatIc andatfndioaLedoyolea

strength 1.4 # 106 107

Rivetedlapjoint;nomtiffm.er;onerowof 1040 m 555 289
rivets

244

Rivetedlap~olnt;noetlffener;tworows 1865 15&l al 443 ----
ofrivets

Rivetedlapjoint;noetlffener;threerows 2020 1820 935 533 ----
ofrivets

Rivetedlapjoint”heavystiffener(3In.long,
0.2win.thlck~; onerowofrtvete

10LO ---- W 620 4&3

Rivetedbutt@int;alngle O.250-in.-th!ok 1070 ---- 845 645 555
strapplate

Rivetedbuttjoint;twoO.OhO-in.‘thickstrap
plataa

1570 ---- 1070 777 ----

Multi-arc-weldedJoint(aolutlon-heati- 2070 2060 1683 1.220 U&l
treatedafter veldhg

Unnotohedsheet;nojoint 2710 25&3 2263 1403 X2go
{— — -—%.J.fAcA#-- -%”-—

..
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TABLE1.2.- RISUL’ISFROM EEllZ3?-EFFICI~CYTESTS

b valueswere readfromsmoothcurvesplotted
infigs.2 ~d 451

Icdnel
Test Strength strengthof Reductlon

condition of sheet rivetedaheetein strength
(psi) (pel) (pmcent)

Static 68,000 52,500 21.6

Fatle IntenelonatR = 0.40for:
r10 cycles ------ 52,000 ----

105cycles 5?,5Q0 38,500 33.0
106cyclee 37,X 26,500 29.3
107cycles 31,000 24,OOO 22.6

Fatle Intens~onatR = O.@ for:
r10=cycles --..-- ---..- ----

10’cyclee 65,W 46,000 29.2
106cyclee 48,000 35,m 27.1
107cycles 42,000 31,000 26.2

T =“.-.—-

Material

.,-n-r. . . . . ...” —— . . — ——-—- .— —

Spec-n type

Unnotchedsheet

Sheetwithcentraldrilledhole

Lapjointwithonerowofrivets

ButtjointwithtwoO.OhO-in.
strapplates

Unnotchedsheet

Sheetwithcentraldrilledhole

Lapjointwithonerowofrivets

LapjointWIthtworowsof’rivets

Ultlmatetensilestrengthat -I

70°F

69,350psi

a~,833pt3i

4672lb

7060lb

81,2wpsi

y8,500psi

4975lb

9925lb

I

59,550Pi

97,900pei

3910lb

6740lb

59,350@

a64,700psi

43OOlb

7620lb

I

.
%et eection.
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TABLE14.-RESKETSOFFATIGUETHE3 AT 375°F OF
- SPECIMENSNOTCBXDBYDRIIiLEOHOLES

~f~t;~ tenelonatR = 0.40; swch?=. of W@ Shorn
Eachepecimanheldat 375°F for1 hr

precedingte;tandthenduringtest~

IrMaterl al

24Sq Alclad

752*Alclad

I

Mexlmmstress
Specimen (E;)

w

30-9 40,000 40,70050,000
30-3 40,000 54,90Q

30-10 30,000 97,300200,000
30-1 30,000 279,500
30-2 I 25,000 I 7*,1OOI 550,000
~-: I 40,000 I 30,5CQ50,000

28,0Q0 154,300 300,000

b

1Stressinpsibaaedonnetaeotionthroughhole. ~-:--’~
2Valwsre”adfromcurvesin figs. 10 and 12.

TABLE15.-RESULTSOFFATIoUETEsTSAT 375°1?OF
VARIOUSRIVEIIEDJOIIWS~ O.Oh.0-INOE

~-- s-

@ll testsIn teneionatR = 0.40. Eachs~.imen
heldat375°F for1 br p?ecedingtestandduring
teat~

Maxlnn.n.u Cyclestofailureat -
Material TypeofJoint load

(lb) 375°F 70°F,
(1)

24S-!2Alolad LapJointulthonerow 2,700 33,@3
rivets(fig.24(a)) 2,600 51,900 S?f%

2,5C0 48,700 100,000
2,200! 71,Soa 130,000
2,000 154,200 NO,ceo
1,700 187,300
1,500 -

310,Cao
424,000 500,000

1,200 >1,232,700 1,300*000

24S-7?hlclad ButtJoint,tvostrap 3,400 27,000 28,0Q0
plateaeaohO.tiO 5,000
in.(fig.jg(b)) 4,300

72,000
lE:R 210,OOO

3,&lo 413,690 4oo,Wxl

XA75S-TAlclad Lapjoint,spin 2,400 16,300 25,cmo
MmPled(fig.24(a)) 2,000 ~~ 45,000

1,700 > U20,000

75S-TAlol.ad Lapjoint,coin 2,&o ‘“” 20,900
dimpled(fig.2~(a))

19,000
1,600 116,(x)o 200,000

‘! .

—

K

“

*

%veluatedfromcurvesinfIga.27,35,and41. ~ ‘5
.



&p OfnpIQimu Mm. alum
(pi)

Q49JrAlcae&titlah019

‘W* hare, mmotdma

Elm-1tmra,with m

242-TAlOlaA, with W

R303-!F275w, UMOtnbd

R3w’Fa5Olml,Ylti hnl.o

m3-’M5-) ~

R303-T275bmo,withhalo

16,0ca
%,cao
53,m
44,700

l’l,lxm

48,0ca
&@oo
35*M
n,ooo
~,om

20,W0
33?OO0
38,000
W,coo

‘fO,om
48,m
@,cao
38,CYXJ
23,cc4)

17,000

&,cilo
P5,000
2@oo
32,000

y,mo

XI,ow
Ea,ooo

29.000

1

-0.m 9,11J8,0w
I.o,om,-m

:: go,ow
.60 13,6oQ,mo

.ko
I
17,874,800

1 6U+5CQ-:$J i’2 ,Whca
9,@o,@l

.@! U2,m,m

.50 15,5XWM

.25 9,1&,wl

.W 20,747100

.& ll,29dm

.40 2u,9e,m

.?3 lo,u’l,m

.W 20,339,~

.75 20,!2$35,200

.40 12,781,@wl

.ho 13,140,300

.25 I lo,398,3c?3

.& lqaa,ow

.40 1o,728,100
,29 1-7,777,590
.40 12,8a,wl

.60
I

12,6m,800

.40
I

12,m@oo
.60 18,968,100

.60 I Il,al,ym

w
Batintd
Idfetim
h-’-d

10
30
40
w
(0)

(a)

\

d

:1
d

(0)

0

0
0

0

UI.+J*
BMUIWdStfbtiC3
pportiea

(d

66,006
@xxi
i3,wo

la,&o

mm
p,xa
m,6Ea
72,8E0
73,m

w%
E2,3ca
81,9co
E2,1CQ

‘@,m

Tb,@o
73,600
75,300
75,300

73*W

%2,620
&,300

Ea,loo

-5
-6

-6

-Q

-2
Q
o

-2

0
D
3
1
0

0

-1
0
0
0

0

0
0

Q

%eitim mhu idi.ti tmiq mgatiTu WUIOS, ociwe-lon.
%3glrbi.mlwa iluwmte,a.&3cr0af10, inStm%thj pmitiwml-s, = ~ ---
%fatim60 far*ad * rcqp of t96tiw,it h inddinito.
%estlamblevalm-
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TABJJ!17.-~ OFFATIUJE-M4A@TESTSATTWO
LOADLEWIS

.

t

Loadingcondltione Totel
XWmberof cyclesLifetime,Lifeti~,

Speclnwn Ilfetime
Me%.loadMeanload run, 100nh tofailure
(psi) (psi) n (!) (percent)(~rcent)

24S-TAlolad
sheetspeci-
mens:
3-2 57,000 45,000 40,000 280,000

6L,000
14

45,000 no,700 105,000 101 32.5

3-4 62,000 40,000 15,000 42*000
57,m 40,000 103,000 105,000 % 134

3-5 52,500 40,000 Uo,000 260,000 46
57,~o 40,000 90,600 105,000 86 132..

3-6 53,000 40,000 100,OOO 24o,CKW 42’
62,000 40,000 34,300 42,000 & 124

3-7 48,600 40,000 l,t!oo,ooo
57,000 40,000 1’7f:\500

95........- 95

Simpleriveted
lap~ointsin
242-TAlclad: (lb) (lb)
12-49 2,76o 975 3,000 9,000 33

1,840 975 72,900 85,000 86 Il,g

X2-51 2,7@ 975 7,500 9,000 83
1,840 975 37,bQ 85,000 44 127

12-53 1,840 44,000 85,000
2,760 E 3,000 9,000 E 85

12-55 2,&o 975 60,000 85;= n
2,760 975 100 1 71

Mn@e riveted
lap~ointsin
75S+!AlOla& (lb) (lb)
13-48 2,985 1,055 1,320 6,500 20

1,990 1,055 17,000 33,000 52 v

13-49 1,990 1,055 14,400 33SW 43
2,985 1,055 1,100 6,500 17 50

13-50 1,990 1,055 18,300
, 2,985

33,000
1,055 1,050 6,wO ?2 72

lSOO fige.49,51,and52forconetent-meen-loticurvesfordeterminationof N.
2Feiledwhileloadlng.

~
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TABIZ18.- IMMAGETOSINGLE-ROWFLUSH-RIWWI!EDI&’JOINTS
(l?24S-TALCIADBYFATIGUEATVARIOUSLOADIJ!WIZS

@ testsrunata conetentmom loadof975lb,
21.2percentofthestaticultlmate.1

Specimen

w-k6

12-47

12-57

E+(5L

12-68

Maximumload

2,700
2,400
2,080
1,770
1,450
1,130

(c)

(c)

2,700
2,400
2,08Q
1,770
1,450
1,130

58.8
52.0
45.2
38.k
31.8
24.6

(c)

(c)

58.8
52.0
45.2
38.4
2?:z

1,130 24.6
1,450 31*5

2,700
2,400
2,0ea
1,7’70
1,450
3,130

2,700
2,4oo
2,@l
1,7’70
1,450

~. 8
52.0
45.2
38.4
31.5
24.6

58.8
p.o
45.2
38.4
31*5

Ihraberof
cycle~

19
192

1,920
19,200

207,500
1,670,000

(c)

(c)

23
230

2,300
23,000

249,000
2,oo4@Oo

3)34QYOO0
374,500

29
288

2,883
28,8ca

33.3.,300
Z}%vscm

38
384

3,840
38,tio

415,000

Endurence
lifetime
(le&lt)

<0.1
1
6
28
52

J&)

<0.1
1
7

26
62

b1&6

<0.1

:
43

104
ma

Result

No failure;
Btatic te6t
showedno10SS
instaticstrength

Endrivet
cracked

Iiofailme;no
decreaeein
staticstrength

Rivetscracke&,
staticstrength
loweredabout
8 percent

Failedin fatigue
on second run

Failed.infatigue
onlastrun

Failedin fatigue
on laetrun

.

%ee fig. 51for constant-men-load baeecurve.
%Otel.

~

cSemeconditiioneesf~ 12-463butloadBrunInrevereewaler.



!x2LE19.-WGE ToTwo-m FLmH—RmEmoIAPJOINTS
0F2kS-T AICIADEY FATICUEATVW~ UMDIS’VH2

I’paclmm

31.%

31-30

W-ma

L
3=-7

31-28

Maxlmm load

(lb)

5,1c4
4,514
3,9?3
3,333
2,~k

(c)

(d)

2,@
3,333

1-2,~4
3,333

(pe’rccmt
CLtimti )

58.8
52.0
k5.2
38.b
3.5

(0)

(d)

31.5
38.L

1-31.38.?

bmbsr of

Oyoka

1%
l,L%Q
18,5cQ
143,&m

(0)

(d)

lgg,w

6,c00

LE?3,m
6,51xI

lMlm3noe
Mfeidim
&&t]

<0.1
1.4
6.6

%:
b~

(0)

b&

(d)

kLc13‘

&5.6
8.6

bn

@e fig.53 for.xmstaut.ne.m-lmdbaseoume.
Metal. - ‘-
%m ccmditlmsm fcm31-26.Rmul.ts:At last
lmd (2734lb)MU 146,6(KIoyolmor49.o pement
ofenduranceldfetiim.
k cmdltimaasfor31-%. lWultiAtlast
W (2734lb)m 2U3,0MClyc.lmOryo.o ~ment
@ endmmcellfetbs.

v

! . r

,, 1.1 ,, ,1 ,1., ;fil, ,

TABIZ20. -DAM3GETO IOXBIEOIAPJDETIS CIV’f%-TAL.CtAD
BY FATW3E AT VARICI12Q IKE18

[j tad,, run at -taut. m load of 1,055 lb,
a. 2 Wment m= Btatic IiLmtel

I Mexlmlmlm.i

Specimn

(lb) (pl’cmt
ultim?&)

Remit

13.35

U-37

U-39

2,920
2,5%7
2,&8
1,910
1,567
1,222

(0)

2,920
2,587
2,248
l,glo
1,%7

58.8
52.0
45.P
38.4
32.:

(c)

58.8
52.0
J+~.2
38.4
9.5

(0)

1%
1,24.0

12,400
79,1@J

Did notfail;
not ~t *dad

Statically

ma not fau;
Jma.ecrea9ein
static Fm-mgth

F81kd in fatigue
ml.estmn

%e fig. ~ for ccnstant-m.mJ.08d. baae cwrve.
%td. T
% as far 13-35, but 3.ctuleram h rcwerse ardor.

.4 *
,,

!., , , II
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Figure15.- T~icalmicrosectionsof scratchesin0.040-inch24S-T
Alcladsheet. (Magnification,250X.)
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Figure16.- Effectof scratchesof variousdepths
onthefatiguestrengthofO.040-inch-thick
24S-T Alcladsheetand75S-TAlcladsheet.
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Figure17.- Effectof scratchesof variousdepths
onthefatiguestrengthof O.102-inch-thick
24S-TAlcladsheet.
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Figure18.- Effectof scratchesof variomdepths
onthefatiguestrengthof O.040-inch-thick
24S-Tbaresheet.
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(a)
Figure
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Headside, (b) Flushside.

21.- Stress-coatpatterninasheet-efficiencyspecimen.
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(a)Arounddrilltiholes.

(b)Around drilledanddimpledholes.

(c] houndrivet heads.

Figure22.- Stress-c&tpatternsonsinglesheets.
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Figure23.- Specimenusedfor sheet-efficiencytests. (Sheets,0.040-in.
.
1in. apartin test24S-TAlclad. Rivets,AN426AD4-5,spaced=

Sectiom)
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(0) SiiGLE- ROWFLUSH-RIVETEDLAPJOINT.

F’&l
CENTERS‘k I II

-u.040” -

(b) TWO-ROWFLUSH-RIVETEDLAPJOINT.

00000000

00000000
y

2
-

(c) THREE-ROWFLUSH-RIVETEDLAP JOINT.

.

.

Figure24.- Rivetedlap-jointfatiguetestspecimens. (Lengthbetween -
gripsabout12in.) .
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(b) 24S-TAlclad.

61

(a) 24S-Tbare.

.

. Figure25.- Crosssectionsthroughrivetsin 24S-Tsheet(bareand
Alclad)and75S-TAlcladsheet.
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(a) R303-T275bare.

(b) R5K33-T275clad.

Figure26.- Cross sectionsthroughrivetsin
andclad).

R303-T275sheet(bare
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Figure 27.- Dlrect~stress fatigue strength of riveted lapjoht.s of 0.040-inch24S-T Alclad sheet w~ti
a Anglerowofeightrivets,(R= min.load/max.load,PositivevaluesMicatetensio~negative
values,compression.)
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FQure 28.- Dkect-stress fstmm shength uf riveted lap joints of 0.040-tih758-TAlcladsheet
witha singlerowofeightriwts.(R E min load/max.load.Positivevaluesindicatetenslq
negativevalues,compression.)
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negativevalues,compression.)
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(a) Staticfailureby rivetshear.

(b) Fatiguefailurebypropagation
sheetmaterials.

of crackthrough

Figure31.- Typical

=@@=’

failures.
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,

(a) Rivetfromjointmadebycoindimpling.
(Loadedat 125lb/rivet; lHetime2
2,397,000cycles.)

.

.

‘(b) Rivetfromjointmadewithconventional
dimpling. (Loadedat 150lb/rivet;
lifetime,570,000cycles.)

‘“--”-”aplllll-----.>
k---7 “*,.2 <:.,-

T....=-..~-
:-..2= .

.+ ..”’ .. -..”- ..:.-—..
-,& .%—r -d---—.:-;-,- ..&..-.., ,: x,-. .

~k>ti.
.

(c) Rivetfromjointmadeby spindimpling.
(Loadedat 337lb/rivet; lifetime,
43,000cycles]

Figure32.- Cross sectionsthroughrivetsin 24S-T
Alcladsheet. Specimensfailedinfatiguetests
intensionat R = 0.40andarerepresentative
bothof rivetsandof fatiguefailures.
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(a) Rivetfromjointmadebycoindimpling.
(Loadedat 150lb/rivet; lHetime,
2,579,300cycles)

.

.

(b)Rivetfromjoint-madewithconventional
dimpling.. (Loadedat125lb/rivet;
lifetime,2,245,800cycles.)

Figure33.- Cross sectionsthroughrivetsin75S-T
Alcladsheet. Specimensfailedinfatiguetests
intensionat R = 0.40, andare representative
bothof rivetsandof fatiguefailures.

~
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(c) Rivetfromjointmadebyhotdimpling.
(Loadedat212lb/rivet; lifetime,
69.500cvcles.),–. ” ,

(d) Wvetfromjointmadebyspindimpw.
(Loadedat 1371b/rivet;lifetime,
1,813,300cycles.)

=E=
Figure33.- Concluded.
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Figure 94.- Results of direct-stressfati@etestsforseveralsetsofsingle-rowflush-rivetedlap
jotitsofMS-T Alcladsheet.(R- mh losd/msx.load=0.40,inkekm.)
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(a) STIFFENEDLAP JOINTS(0.040 -0.040 WITH Q 250 AND 0.051 STIFFENERS).
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( b ) BUTT JOINTS( Cl040-0.040 WITH 0.250 STRAPPLATE AND WITH TWO

0,040 STRAPPLATES).

Figure39.- Schematicdiagramsof rivetedspecimens. (Dimensionsin in.)
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Figure 40.- DWct-stress fatigue test results for riveted lsp joiuts of &MO-inch MS-T
Alclsd with various stiffeners. (R= dn. load/msx. load ❑ 0.40, in tensfon.)
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.

.

(a) Stress-relievedbutnotsolution-heat-treatedafterwelding. Maximum
load,28,000psi; R = 0.40,in tension;cyclesto failure,480,200.

(b) Stress-relJevedandsolution-heat-treatedafterwelding. Maximumload,
40,000psi; R = 0.40,in tension;cyclesto failure,126,900.

Figure44.- Crosssectionsof multi-arc-weldedspecimensafterfailureby
fatigue. (Eachspecimenfailedinheat-affectedregionadjacenttoweld.)
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Figure 49.- Watter band of fatigue strengths of unnotched sheet apaclmens of 2-4S-TAlclad
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Figure 51.- Constant-mean-load fatigue curve for lap joints of 245-T Alcladwdth a single
row of flush riveta. Mean load, 975 Poumk
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Figure 53.- Scatter band of fatigue strength of lap jokt.a of 2X-T Alclsd with two rows of
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